Abstract. Graph Database Management systems (GDBs) are gaining popularity. They are used to analyze huge graph datasets that are naturally appearing in many application areas to model interrelated data. The objective of this paper is to raise a new topic of discussion in the benchmarking community and allow practitioners having a set of basic guidelines for GDB benchmarking. We strongly believe that GDBs will become an important player in the market field of data analysis, and with that, their performance and capabilities will also become important. For this reason, we discuss those aspects that are important from our perspective, i.e. the characteristics of the graphs to be included in the benchmark, the characteristics of the queries that are important in graph analysis applications and the evaluation workbench.
Introduction
The analysis and storage of data in the form of a graph has increased in the recent years. Analyzing the characteristics of social networks, the use of the Internet, or the interactions among proteins has put graph processing in the eye of the storm. The amount of data managed in most of those cases is huge, and the complexity of the algorithms needed for the analysis as well, leading to a clear need in the market: the Graph Database Management System (GDB).
A GDB is a step forward in the management and analysis of data. As stated by Angles and Gutierrez [1] : "Graph database models can be defined as those in which data structures for the schema and instances are modeled as graphs or generalizations of them, and data manipulation is expressed by graph-oriented operations and type constructors". Graph databases emphasize the queries that compute results related to the structure of the links in the graphs rather than on the entities themselves: for example detecting link patterns, path analysis, authority relations, etc. However, managing large graphs is a complex issue, and obtaining the best suited analysis algorithms is difficult.
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There are a certainly growing number of initiatives to implement and commercialize GDBs, [7] . There are other initiatives to create graph querying languages that allow for a simplified view of querying to the user like SPARQL [8] and Gremlin [9] . This shows that the community is very active proposing new technologies, and sets an adequate scenario to reflect on which is the adequate benchmark for a GDB.
The main objective of this paper is to open the discussion on GDB benchmarking. Thus, we describe and discuss important aspects to be considered for benchmarking. We started describing and analyzing the type of applications where it is necessary the use of GDBs. In particular, we review the application of GDBs in Social Network Analysis (SNA), proteomics, recommendation systems, travel planning and routing, which gives a catalog of representative areas where huge graph datasets are appearing.
We believe that the set of applications mentioned are representative of the marketplace for GDBs. Thus, based on those, we discuss the characteristics of the graphs that appear in such applications and how they could influence benchmarking. We also survey different types of operations, why they are important and how they can be categorized in order to produce a wide coverage of issues within a benchmark. Finally, we discuss on the evaluation setup of the benchmark, where issues like the experimental process to follow and the type of measures to be taken are considered. Despite the diversity of applications, we find that the different areas have common features, and we believe that the design of a benchmark based on SNA would become a representative candidate of general GDB applications.
The paper is organized as follows. We start by setting up the state of the art in Section 2. Then, in Section 3, we analyze a broad spectrum of applications demanding for massive graph management. From these scenarios, we extract generic characteristics of graphs and queries, that will be important in order to design a graph database benchmark. Also, we propose a query categorization and we remark the relevant aspects that we should take into account for the experimental settings of a benchmark. Finally, we draw some conclusions.
Graph Oriented Benchmarks
Popular database benchmarks, such as TPC-C or TPC-H [10], focus on evaluating relational database queries that are typical of a business application. These benchmarks emphasize queries with joins, projections, selections, aggregations and sorting operations. However, since GDBs aim at different types of queries, these widespread benchmarks are not adequate for evaluating their performance.
Object oriented databases (OODB) share some similarities with GDBs. The data of a OODB also conforms a graph structure, where the entities that are represented as objects draw relationships among them. The OO1 benchmark [11] , one of the earliest proposals, is a very simple benchmark that emphasizes three basic operations for OODB: (a) lookup, which finds the set of objects for a given object identifier; (b) traversal, which performs a 7-hop operation starting from a
